Radiosensitization of tumour cells by cantharidin and some analogues.
Mammalian cells at mitosis contain chromatin in compacted form and are hypersensitive to ionizing radiation. Previous research had shown some chemicals that induce chromatin compaction within interphase cells act as radiosensitizers. Of these agents, cantharidin (LS-1), which is an inhibitor of protein phosphatases 1 (PP1) and 2A (PP2A), showed good radiosensitizing activity at non-toxic doses. Cantharidin and 13 additional structural analogues (LS-2-14) were tested for their radiosensitizing activity on tumour cells in vitro. Twelve of the 14 cantharidin analogues were synthesized in the authors' laboratory. Various concentrations of the drugs were screened for toxicity and radiosensitizing effectiveness with asynchronous DU-145 (human prostate carcinoma) cells. More detailed radiobiological studies of the more potent agents were performed with HT-29 (human colon carcinoma) cells since they could be readily synchronized. The radiosensitization of G1 phase HT-29 cells was measured after a 2-h exposure to the more potent drugs and reductions of the surviving fraction after an acute dose of 2 Gy (SF2Gy) served to estimate their relative effectiveness. The increase in phosphorylation of histone 1 (H1) and histone 3 (H3) induced by these drug exposures was measured by Western blotting of protein extracts. Drug-induced change in chromatin morphology was visualized by electron microscopy, and the alkaline comet assay (which measures DNA single-strand breaks) was employed to measure the radiation sensitivity of cellular chromatin in the drug-treated cells. Of the 14 cantharidin analogues tested, LS-1, LS-2 and LS-5 at concentrations of 3-20 microM showed little or no toxicity, produced elevated levels of H1 and H3 phosphorylation, and effected significant radiosensitization at low radiation dose. The chromatin in tumour cells treated with LS-5 became visibly compacted and its DNA was about 1.6 times more sensitive to radiation-induced strand breakage relative to that of control cells. The results confirm the authors' earlier studies that showed an increase in tumour cell intrinsic radiosensitivity by exposure to agents that promote chromatin compaction. LS-5 was identified as the optimal radiosensitizing agent of this class of compounds. Radiosensitization was correlated with chromatin compaction and elevated phosphorylation of H1 and H3. The DNA in drug-treated cells exhibited an enhanced sensitivity to radiation-induced single-strand breakage.